Background: Although the control of varicella outbreaks is an important health issue, cost could present a major barrier for vaccination. The aim of this study is to investigate the association of vaccine subsidies and caregivers' socioeconomic status with varicella vaccine coverage of their children in Greater Tokyo, Japan, before the period that varicella vaccination was included in routine immunization program.
Methods: Participants were recruited from two different cities. In Chiba city, parents of 18-month-old infants (N = 378) undergoing a medical examination in July 2013 were recruited at a clinic where no subsidy for varicella immunization was provided. In Nishitokyo city, parents of 24-to 30-month-old children (N = 315) undergoing a health checkup in July and August 2013 were recruited at a clinic where a partial subsidy was provided. The association between household income and varicella immunization was investigated by multivariate logistic regression stratified by city.
results: Vaccine coverage was 61.0% in Chiba city and 73.3% in Nishitokyo city. In Chiba city, odds ratios of middle and high household income for varicella immunization were 4.22 [95% confidence interval (CI): 1.65-10.7] and 5.94 (95% CI: 1.89-18.6), respectively, compared to low household income. However, household income was not associated with varicella vaccination in Nishitokyo city. Neither working status nor education was associated with vaccination in both cities.
conclusion: While household income was associated with high vaccine coverage in the city with no vaccine subsidy, this association was not observed in the city where the subsidy was given, which suggests that cost is a barrier for varicella immunization. Thus, in countries where varicella vaccination is not included in routine immunization programs, introducing subsidies nationwide or routine immunization programs for varicella vaccination would be an important approach to eliminate inequality in vaccine coverage.
Keywords: varicella vaccine, vaccine subsidy, varicella, socioeconomic status inTrODUcTiOn Varicella is a common, highly infectious disease caused by the varicella-zoster virus that mainly affects young children. Although the natural course of the disease is self-limiting, it lasts 4-5 days (1) . Until the rash disappears, affected children are not allowed to go to nursery, kindergarten, and school, and parents need to stay at home to take care of them, which increases the social cost Subsidies and Varicella Vaccination Frontiers in Pediatrics | www.frontiersin.org of varicella infection. An estimated one million children are diagnosed with varicella each year in Japan, and of this number at least 4,000 children require admission to hospital. Although deaths are rare, varicella can be fatal, especially in neonates and immunocompromised individuals; 20 patients have died due to complications of varicella in Japan (2) . Needless to say, medical costs associated with varicella infection are a huge burden. The total annual cost associated with varicella is estimated to be JPY 52.2 billion (3). Antiviral drugs are effective for shortening the duration of the disease (4) and are used in many cases in Japan, even though the patients have no risk of being severe cases, which induces higher cost.
To avoid these burdens, varicella vaccination was included as part of routine immunization programs in October 2014. Before this inclusion, children in Japan only received varicella vaccination if their caregivers elected to do so; however, their caregivers must cover the cost of the vaccination (approximately 100 USD). According to the best available data, varicella vaccination coverage was estimated to be as low as 30% (5), suggesting that cost was a possible barrier for varicella vaccination. The impact of immunization cost may exist in addition to previously reported risk factors, including poverty (6-9), single parenthood (6, 8, 9) , ethnic minorities (8, (10) (11) (12) , young maternal age (<30 years old), maternal working status, subsequent child, interaction with other children, lack of knowledge on vaccination, a high concern about adverse effects of vaccination (13) , or living in the inner city (14) . Thus, it is important to show the direct effect of vaccination subsidies on varicella vaccination for other countries where varicella vaccination is not included in routine immunization program, and people have to rely on subsidies to get vaccinated against varicella.
In Japan, before the introduction of varicella routine immunization program, some local municipalities offered subsidies for varicella vaccination to caregivers, which provided a valuable opportunity to investigate the impact of subsidies on varicella vaccination. Furthermore, we can assess the impact of the vaccine subsidy on varicella vaccination in conjunction with socioeconomic status of the household (e.g., household income or education). A previous study showed a slight increase in varicella vaccine coverage after the introduction of a partial subsidy in two cities in Japan (15) . However, the study was conducted in rural cities where the vaccine coverage was lower than urban cities, and it did not investigate the impact of socioeconomic status on vaccine coverage.
Thus, the aim of this study is to elucidate the impact of a vaccine subsidy and caregivers' socioeconomic status on varicella vaccination.
MaTerials anD MeThODs
Participants were recruited from two cities: 571 parents who attended medical examinations for their 18-month-old infants in Chiba city in July 2013 were recruited at a clinic with no subsidy for varicella immunization, and 342 parents who attended health consultations for their 24-to 30-month-old children in Nishitokyo city in July and September 2013 were recruited at a clinic with a partial subsidy. In both cities, all mothers who attended the event were recruited to answer a questionnaire. It cost JPY 5,000-10,000 (almost 50-100 USD) to vaccinate their child depending on the clinic in Chiba city, whereas it cost JPY 4,000 (almost 40 USD) in Nishitokyo city. Both Chiba and Nishitokyo cities are districts within Greater Tokyo. In August 2013, the population in Chiba and Nishitokyo cities was 963,985 and 197,703, respectively. The number of 1-year-old children in Chiba and Nishitokyo cities was 8,257 and 1,777, respectively. Our study was approved by the ethics committee of the National Center for Child Health and Development (No. 668), which determined it was unnecessary to obtain consent from participants given that responding to the anonymous questionnaire already implied consent to participate in the study.
We prepared a questionnaire that asked participants whether they vaccinated their children, the reasons for not vaccinating their children, as well as questions on demographics and socioeconomic status (parental education and annual household income).
We employed a multiple logistic regression model to determine the odds ratio (OR) of socioeconomic status for varicella immunization, stratified by cities. Furthermore, the interaction effect between the city and the household income on vaccination was also estimated. We used STATA SE statistical package, version 11 (StataCorp., College Station, TX, USA) for statistical analysis.
resUlTs

Descriptive statistics
In July 2013, 571 children aged 18 months were living in Chiba city. Of this number, 535 (93.7%) attended medical examinations with a parent and 378 (66.2%) parents completed the questionnaires. In July and August 2013, 342 children aged between 24 and 30 months attended health consultations with a parent. Of this number, 315 (92.1%) parents completed the questionnaires. Demographics and socioeconomic status for Chiba and Nishitokyo cities are shown in Table 1 . The proportion of parents with more than two children was higher in Chiba city than Nishitokyo city (13.3 vs. 6.2%, p < 0.001). Although the age of children was older in Nishitokyo city than Chiba city by 6 months or more, parents' socioeconomic status was almost similar in both cities. However, one slight difference in socioeconomic status was found: more parents in Chiba city had full-time jobs than those in Nishitokyo city (27.4 vs. 17.7%, p = 0.007), and fewer parents in Chiba city had an undergraduate degree compared to Nishitokyo city (36.4 vs. 49.4%, p < 0.001). The proportion of parents whose annual household income was lower than JPY two million was slightly higher in Chiba city than in Nishitokyo city, although the difference was not statistically significant (3.8 vs. 1.4%, p = 0.062).
Varicella Vaccine coverage
Varicella vaccine coverage in Chiba and Nishitokyo cities was 61.0 and 73.3%, respectively ( Table 2) . Coverage increased to 65.6% in Chiba city and 78.5% in Nishitokyo city when we excluded those children who were not vaccinated due to a past varicella infection or other medical reasons. We employed the latter coverage as dependent variables. The association between socioeconomic status and varicella vaccination is shown in Table 3 . In our bivariate model, education and household income in Chiba city were positively associated with varicella vaccination. Similarly, in Nishitokyo city, education and household income were positively associated with varicella vaccination, but the magnitude was lesser. Multivariate analysis showed that household income remained significantly positively associated with varicella vaccination in Chiba city ( Table 4) . Children from a household with an income of JPY eight million or more were 6.55 [95% confidence interval (CI): 2.14-20.1] times more likely to receive varicella vaccination than children from a household income of less than JPY four million. However, in Nishitokyo city, household income was not associated with varicella vaccination in the multivariate analysis. No association between education and vaccine coverage was observed in either city. The p-value for interaction term between household income and city was 0.124, which might suggest that the subsidy was helpful in increasing vaccine coverage.
reasons for not Vaccinating Their children
We further asked the parents, who did not vaccinate their children, for the reason why they did not do so ( Table 5) . Few parents knew about the varicella vaccine (6.2 and 16.7% in Chiba and Nishitokyo cities, respectively), and 30.3% of parents in Chiba city regarded vaccine cost as a barrier compared to 11.9% in Nishitokyo city.
DiscUssiOn impact of subsidy on Varicella Vaccination
This study showed that household income was positively associated with varicella vaccine in an urban city where no vaccine subsidy was provided. This supports previous research that showed poverty to be a risk factor for underimmunization (6) (7) (8) (9) . Furthermore, the current study demonstrated the positive impact of the subsidy for varicella vaccination. This finding is consistent with a previous study that reported an increase in vaccine coverage from 8.0 to 17.2% in one rural city and 13.0 to 27.9% in another, after the introduction of a vaccine subsidy in 2007 (15) . The positive association observed between household income and vaccination in Chiba city (no subsidy) and the lack of such an association in Nishitokyo (partial subsidy) suggests that the subsidy was helpful in boosting vaccine coverage, regardless of household income. Moreover, about one-third of parents who did not vaccinate their children reported cost as a reason for not vaccinating in Chiba city (no subsidy), whereas only one-tenth of parents regarded cost as a barrier to vaccination in Nishitokyo (partial subsidy). Unlike a previous study conducted by Matsumura et al. in Japan (13), parents' low knowledge on vaccination and concerns about possible adverse effects were not the major reasons for not vaccinating their children. One possible reason is the difference between vaccines in the two studies. The study by Matsumura et al. focused on the free measles-containing vaccine, whereas the present study focused on the varicella vaccine, which is not free. This might imply that a few parents might not vaccinate their children for varicella, even after the introduction of a complete subsidy. To address this issue, better promotion of the vaccine and building knowledge on varicella vaccination is still needed, even after introduction of the subsidy.
Factors other than socioeconomic ones were also associated with low vaccine coverage in multivariate analysis in Chiba city. These factors included younger age of caregivers, low birth weight, history of atopic dermatitis, and large number of family members. A previous study conducted in Japan also showed that the characteristics related to uncompleted measles vaccination were mother's younger age and being a subsequent child (13) . Little is known about the association of history of children with vaccine coverage in Japan, including low birth weight. The schedule of vaccine for children with low birth weight might be delayed because of long-term hospital stay and infection during infancy due to their vulnerability. Caregivers of children with atopic dermatitis might have concerns over drug allergies, which may be associated with caregiver's reluctance in having their children vaccinated.
Vaccine coverage
The coverage of varicella vaccination in our study was 61.0% for infants aged 18 months in Chiba where no subsidy was provided, although a previous study showed that coverage of preschool children was around 30% (5). The reason for higher coverage in our study might be because our study setting comprised two clinics in urban areas of Greater Tokyo, where vaccine coverage is generally higher compared to rural areas of Japan. Although the Japanese government has promoted vaccines that are included in routine immunization programs, promotion of other vaccines depends on the local government. Therefore, urban cities with a bigger budget and a greater number of staff can disseminate those vaccines more easily, and this point might have contributed to the high vaccine coverage in our study.
limitations First, our study did not directly show any changes in vaccine coverage caused by the introduction of the subsidy. However, Chiba and Nishitokyo cities are both commuting distance from Tokyo, and residents from both cities have common characteristics in terms of socioeconomic status. Thus, the difference in vaccine coverage is mainly attributable to the subsidy. Second, our study could not examine the effect of the complete subsidy for the varicella vaccine. However, our study revealed the possibility that only a partial subsidy might improve vaccine coverage, which suggests that a complete subsidy would further improve vaccine coverage. Third, the method to recruit participants in the two cities and the age of children were different, which may affect the differential impact on the association between socioeconomic status and varicella vaccination. Further study is needed to investigate the impact of subsidy on vaccination, comparing the vaccination rate before and after introduction of subsidy, using children of the same age in the same city.
Political implications
Varicella vaccination is shown to be cost-effective in many studies (16) , including a previous Japanese study (3) and the current study. Therefore, increasing vaccine coverage eventually reduces overall costs to the government, even if the government pays all costs of the vaccine. Moreover, subsidies for vaccination should be encouraged in order to remedy health inequality among children in countries where varicella vaccination is not included in routine immunization programs, which has received large attention in previous studies (17, 18) . Children from households with a low income tend to have poorer health and achieve less academically, which reduces opportunities for a good job in future and, hence, less income. Therefore, subsidies for vaccines would also be helpful in tackling this cycle. Although subsidy is thought to be effective for boosting vaccine coverage, subsidy alone is not adequate because only half of the parents in Chiba city who answered the questionnaire stated that cost was a barrier for vaccination. To achieve desirable varicella vaccine coverage, not only monetary support but also the spread of correct knowledge on vaccine is important. Therefore, inclusion of varicella vaccine in national routine immunization program is essential.
cOnclUsiOn
Varicella vaccine coverage of children aged 18 months was 61.0% in Chiba city where no subsidy was provided, whereas coverage of children aged 24-30 months was 73.3% in Nishitokyo. Multivariate analysis showed that household income was positively associated with varicella vaccination in Chiba city, while no association between household income and varicella vaccination was found in Nishitokyo city. These findings suggest that vaccine subsidy may be useful for children in low-income families. Thus, in countries where varicella vaccination is not included in routine immunization programs, introducing subsidies nationwide or routine immunization programs for varicella vaccination would be an important approach to eliminate inequality in vaccine coverage.
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